Influence of drying methods on the characteristics of a vegetable paste formulated by linear programming maximizing antioxidant activity  by Larrosa, Ana P.Q. et al.
lable at ScienceDirect
LWT - Food Science and Technology 60 (2015) 178e185Contents lists avaiLWT - Food Science and Technology
journal homepage: www.elsevier .com/locate/ lwtInﬂuence of drying methods on the characteristics of a vegetable paste
formulated by linear programming maximizing antioxidant activity
Ana P.Q. Larrosa, Tito R.S. Cadaval Jr., Luiz A.A. Pinto*
Unit Operation Laboratory, School of Chemistry and Food, Federal University of Rio Grande e FURG, Rio Grande, RS, Brazila r t i c l e i n f o
Article history:
Received 20 April 2014
Received in revised form
2 August 2014
Accepted 6 August 2014
Available online 16 August 2014
Keywords:
Bioactive compounds
Food drying
Spouted bed
Vegetables* Corresponding author. FURG, P. Box 474, 96201
Tel.: þ55 53 3233 6969; fax: þ55 53 3233 6968.
E-mail address: dqmpinto@furg.br (L.A.A. Pinto).
http://dx.doi.org/10.1016/j.lwt.2014.08.003
0023-6438/© 2014 Elsevier Ltd. All rights reserved.a b s t r a c t
The linear programming is a successful method that can be applied in foods formulation. A vegetable
paste was formulated by this method in order to maximize the antioxidant activity. The optimized paste
was dried in spouted bed (80, 90 and 100 C) and it was compared to the dried product in conventional
tray (65 C). The linear programming was suitable to quantify the selected the raw materials (six veg-
etables and soybean oil), resulting in a paste with high total antioxidant activity (81.3% inhibition DPPH).
The best results were found in spouted bed drying at 100 C, resulting in a product like a homogeneous
powder with smooth surface particles, that presented the total phenolic compounds of 4.9 mgGAE g1dry
matter, the total antioxidant activity of 81.6% inhibition DPPH and the lowest color difference. The dried
product in spouted bed showed superior results to the product of tray dryer in relation to its charac-
teristics and bioactive compounds.
© 2014 Elsevier Ltd. All rights reserved.1. Introduction
Vegetables are important sources of exogenous antioxidants like
phenolic compounds, carotenoids, vitamins C and E, which protect
the cells fromoxidative damage. Epidemiological evidences suggest
that the consumption of vegetables can prevent the degenerative
diseases caused by oxidative stress (Sreeramulu & Raghunath,
2010). Linear programming is a mathematical method to solve
optimization problems, where it is necessary an objective function
that maximize, minimize or equalize some item, by the restrictions
subject. This method was successfully investigated, and it was
applied in food formulation in order to minimize costs (Dingstad,
Kubberod, Naes, & Egelandsdal, 2005; Doganis & Sarimveis, 2007)
and to maximize caloric value (Larrosa, Muszinski, & Pinto, 2011).
Then, the optimal amount of vegetables in a paste can be modiﬁed
by this method, and it can be dependent of the nutrient composi-
tion, caloriﬁc value and mainly of the total antioxidant activity of
each vegetable species.
Drying is an important operation on vegetable processing,
because this stepguarantees that thenecessarymoisture content for
the product storage be reached. During the drying operation phys-
ical, structural, chemical, nutritional changes in the vegetables may
occur, and that can affect the quality attributes like texture, color,-900 Rio Grande, RS, Brazil.ﬂavor and nutritional value (Di Scala & Crapiste, 2008). The color is
one of the primary attributes perceived by consumer which is an
important criterion of acceptability in foods. However, the drying
operation could cause browning in vegetables due to enzymatic and
non enzymatic reactions, which may indicate a negative quality of
product (Nindo, Sun, Wang, Tang, & Powers, 2003). The hot air
convective-dryer with tray is the most frequently used method for
vegetables. Although this method shows operation simplicity and
low costs, it leads to products with low quality. An alternative to
obtainproducts of best quality is to use the spoutedbed dryer, due to
the short residence time of the material in this equipment
(Shuhama, Aguiar, Oliveira, & Freitas, 2003).
The spouted bed dryer provides a good solids mix coupled with
satisfactory gaseparticle contacts, and this equipment can be an
alternative of low cost to the spray dryer, resulting in a product with
the same level of quality (Pallai, Szentmarjay, & Mujumdar, 2006).
This technique have been successfully used in drying operation of
pastes or liquids, such as vegetable starch (Benali & Amazouz,
2006); microalgae (Oliveira, Rosa, Moraes, & Pinto, 2008); pulps
fruits (Rocha, Souza, Alsina, &Medeiros, 2011) and chitosan (Dotto,
Souza, & Pinto, 2011). In relation to the ﬂuid-dynamic behavior, the
effects of residence time and of the inert particles properties in
spouted bed to the pastes drying have been studied. These aspects
are very important to evaluate the equipment performance
(Epstein & Grace, 2011, p. 340). However, there are few studies
using the spouted bed dryer in the evaluation of phytochemical
compounds and antioxidant activity of products.
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vegetable paste by maximizing the antioxidant activity and to
evaluate two drying methods, which can lead to product of best
characteristics to use as ingredient in instant soups. The vegetable
paste was dried in spouted bed at different inlet air temperatures,
and the dried product in the more suitable conditionwas compared
to the product obtained of the tray dryer. Total phenolic contents,
total antioxidant activity and color were used as comparison pa-
rameters for this study. The transform infrared (FTeIR) was used for
qualitative identiﬁcation of the functional groups of phenolic
compounds, the thermogravimetry curves (DSC, TGA) were used to
measure the thermal stability of materials compounds, and scan-
ning electronic microscopy (SEM) was used to characterize its
morphological structure.2. Material and methods
2.1. Preparation of vegetable paste
The following vegetables were chosen for the paste formulation:
pumpkin (Cucurbita maxima), potato (Solanum tuberosum), onion
(Allium cepa L.), carrot (Daucuscarota L.), kale (Brassica oleracea) and
tomato (Lycopersicum esculentum). The vegetables choicewas based
on the highest antioxidant activities and on the highest phenolic
compounds contents reported in literature (Ismail, Marjan, &
Foong, 2004), as well as, ease of availability in the market. Pre-
liminary tests to determine total phenolic compounds and the total
antioxidant activity of these six vegetables were performed. The
lipids content necessary to complete the paste formulation was
obtained by use of soybean oil. Then, an optimization of the
vegetable paste formulation was carried out by the linear pro-
gramming technique in order to maximize the total antioxidant
activity.
The paste formulation was obtained by the Excel Solver appli-
cation, through an objective function which maximizes the total
antioxidant activity. This objective function is a linear equation
which relates the available constituent and the respective antioxi-
dant activity value, as shown in Eq. (1).
AAT ¼
Xn
i¼1
miAAi (1)
where, AAT is the total antioxidant activity (% inhibition radical
DPPH) which is the objective function to be maximized, mi is the
amount of each constituent (g), AAi is the total antioxidant activity
of each vegetable (% inhibition radical DPPH g1), and n is the
number of constituents.
The restriction functions are equations and in equations that
limit the objective function and are shown in Eqs. (2e14):
Cdb ¼ m1 þm2 þm3 þm4 þm5 þm6 þm7 (2)
Xi¼7
i¼1
mici  C1 (3)
Xi¼7
i¼1
mici  C2 (4)
Xi¼7
i¼1
mipi  P1 (5)Xi¼7
i¼1
mipi  P2 (6)
Xi¼7
i¼1
mili  L1 (7)
Xi¼7
i¼1
mili  L2 (8)
Xi¼7
i¼1
mivci  Vc1 (9)
Xi¼7
i¼1
mivci  Vc2 (10)
Xi¼7
i¼1
miAAi  AA1 (11)
Xi¼7
i¼1
miAAi  AA2 (12)
mi  0 (13)
mi  m (14)
Eq. (2) relates the amount of the seven constituents (Cdb) in dry
basis (six vegetables and soybean oil (g)). Eqs. (3) and (4) limit the
carbohydrates content; Eqs. (5) and (6) limit the proteins content;
Eqs. (7) and (8) limit the lipids content; Eqs. (9) and (10) limit the
caloric value; Eqs. (11) and (12) limit the total antioxidant activity;
Eq. (13) restricts the mathematical possibility from negative values,
and the Eq. (14) restricts the preeestablished maximum quantity.
The values of ci, pi, li, are the compositions (g g1) (as carbohydrates,
proteins, lipids, respectively) and vci is the caloric value (kcal g1) of
each constituent. The values of C1, P1, L1, Vc1 and AA1 represent the
minimum values, and C2, P2, L2, Vc2 and AA2 are the maximum
values of carbohydrates (C (g)), proteins (P (g)), lipids (L (g)), caloric
value (Vc (kcal)) and total antioxidant activity (AA (% inhibition
radical DPPH)).
The restrictions to formulate the vegetable paste were based on
the formulation of dried soup according to preliminary experi-
ments. The limits of minimum and maximum to obtain 100 g of
dried material for carbohydrates, proteins, lipids, caloric value and
antioxidant activity were, respectively, C1 ¼ 50 g and C2 ¼ 70 g;
P1 ¼ 5 g and P2 ¼ 15 g; L1 ¼ L2 ¼ 2 g; Vc1 ¼ 200 kcal and
Vc2 ¼ 400 kcal; and AA1 ¼ 70% and AA2 ¼ 100% inhibition radical
DPPH.
After the optimization, the paste preparation was carried out as
follows: the selected vegetables were washed in water, cut and
weighed. The vegetables were crushed (Mondial, model CF-01,
Brazil) to obtain a highest juice extraction. Then, the remaining
solid and the extracted juice were mixed in a processor (Cuisinart,
model DLC-2A, China). The paste was homogenized in a blender
with addition of commercial soybean oil, and sieved (1.4 mmmesh)
for retention of the seeds. A pastewith a 0.10 g g1solid contentwas
obtained.
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The experiments were carried out in a conical conventional
spouted bed, with cell diameter (Dc) of 0.175 m, glass base with
enclose angle of 60 and height of 0.15 m. The inlet diameter (Di)
was 0.029 m and the ratio (Dc/Di) equal to 6. The air drying was
supplied through a radial blower (Ibram, model CR0850, Brazil)
with 6 kW, and it was heated by three electric elements of 800 W
each. Measurements of air ﬂow were by an oriﬁce plate connected
with U tube manometer, and the temperatures of drying operation
were measured in type-K coppereconstantan thermocouples
(Contemp, model CSC99, Brazil). The inert particles used in the bed
were of polyethylene (amount of 0.5 kg) with mean diameter of
0.0032 m, sphericity of 0.7 and density of 960 kg m3.
Initially, it was necessary to determine the minimum spouting
velocity of air drying by the curves of pressure drop versus air ve-
locity (Figures not shown), in order to guarantee spouted bed sta-
bility in all experiments. The values were found in range from 0.30
to 0.35 m s1. According to preliminary tests, the vegetable paste
was dried in three inlet air temperatures (80, 90 and 100 C) in a
ﬂow rate of 0.2 kgpaste kginert-1 h1. The air circulation rate was the
double of the minimum spouting velocity, as recommended by
Epstein and Grace (2011, p. 340) for pastes drying.
The feeding system was activated when the operating condi-
tions were reached, and the paste was introduced into the cell (in
the center of the column) of a semiecontinuous form, at time in-
tervals from 1 to 2 min, by atomization using compressed air
(200 kPa absolute). The system stability was achieved when the
outlet air temperature was constant. The dried powder was trans-
ported by the drying air and it was collected in a Lapple cyclone,
and the mass accumulation rate in the bed was determined. Each
drying assay was carried out in replicate.2.3. Tray drying
The vegetable paste was dried in a tray dryer, with perforated
trays of square form (0.16 m  0.16 m) and thickness of 0.003 m.
The sample mass was measured in electronic scale (Marte, model
AS2000C, Brazil) with 0.01 g of precision, and the fresh paste load in
tray was of 5.0 kg m2. The air temperature was measured by type-
K coppereconstantan thermocouples and the air velocity through
an anemometer (TFA,WindmesserMIT, Germany) with precision of
0.1 m s1. The air relative humidity was measured with a thermo-
hygrometer (Cole Parmer, Vernon Hills model 3310-00, USA) with
precision of 0.1%.
The drying experiments of vegetable paste in tray dryer were
carried out at air temperature of 65 C and air velocity of 2.0 m s1
(Krokida, Karathanos, Maroulis, & Marinos-Kouris, 2003). Each
drying assay was carried out in replicate. The sample was dried
until the commercial moisture content (lower than 10%, wet basis).
After experiments, the dried samples were ground in a knife mill
(Wiley Mill Standard model no. 03, USA) and sieved (150 mesh),
then the samples were packed in plastic bags and stored at ambient
temperature.2.4. Vegetable paste and powder characterization
The chemical compositions of the samples were analyzed ac-
cording to A.O.A.C. (1995) for moisture content (method 925-09),
ashes content (method 923-03), ﬁbers content (method 985-29)
and proteins content (method 979-09). The lipids content was ac-
cording to Bligh and Dyer (1959), and the carbohydrates content
was by difference. The ﬁnal product size was analyzed in stan-
dardized mesh screen.The phenolic compounds were extracted from the fresh vege-
tables, the paste and the dried product. The total quantiﬁcation of
phenolic compounds was determined by spectrophotometric
method (Bioespectro, model SP-220, Brazil) using Folin-Ciocalteau
reagent (Nuutila, Puupponen-Pimia, Aarni, & Oksman-Caldentey,
2003). The measurement was performed at 750 nm with gallic
acid as standard, and the results were expressed as mggallic acid
equivalent g1dry matter.
Total antioxidant activity from methanol extract of the samples
was determined according to Brand-Williams, Couvelier, and Berset
(1995) (DPPH, 2,2-diphenyl-1-picrylhydrazyl, radical scavenging
assay). This assay was chosen because has been widely used due to
its stability, simplicity and reproducibility (Kitts, Wijewickreme, &
Hu, 2000). The absorbance was measured at 515 nm in room
temperature. The total antioxidant activity was expressed as %in-
hibition of the DPPH radical in relation to the control (without
antioxidant), and it was calculated by Eq. (15):
AAð%Þ ¼

Abscontrol  Abssample

Abscontrol
 100 (15)
where Abscontrol is the absorbance of the blank sample and Abs-
sample absorbance of the extract solution without antioxidant.
Color was measured by Minolta system (Minolta Corporation,
model CR-300, USA), calibrated with a white standard tile. The
color parameter values of lightness (L*), greenness/redness (/þa*),
and blueness/yellowness (/þb*) were measured for paste and
ﬁnal products. A sample of 1 g was put on aluminum plates and the
measurements were performed (in triplicate) in three different
positions of the surface. The Hue angle, the total color difference
and chroma were calculated (Larrosa et al., 2011).
The identiﬁcation and alterations in the phenolic functional
groups through themethanolic extractswere performed by infrared
analysis with attenuated total reﬂectance (FTIR-ATR) (Shimadzu,
Prestige 21, model The-210045, Japan). The analyses were carried
out with samples before and after the drying processes in spouted
bed and tray-drying. The dried powders of vegetable pastewere also
analyzed by thermogravimetric curves (DSC, TGA) (Shimadzu,
model DSC60, Japan) according to Pineda-Gomez, Coral,Ramos-
Rivera, Rosales-Rivera, and Rodríguez-Garcia, (2011) and scanning
electron microscopy (SEM) (Jeol, model JSM-6610LV, Japan) ac-
cording to Bezerra, Amante, Oliveira, Rodrigues, and Silva (2013).
2.5. Statistical analysis
The phenolic compounds total content, total antioxidant activity
and color of dried products, obtained by spouted bed and tray
drying techniques, were compared using Tukey's test to determine
signiﬁcant differences between the values (Myers & Montgomery,
2002). The signiﬁcance level was of 95% (p < 0.05).
3. Results and discussion
3.1. Optimization of the vegetable paste formulation
The fresh vegetables were analyzed by composition (dry basis),
caloric value and methanol extracts for total phenolic compounds
and total antioxidant activity, in order to obtain a paste with highest
activity according to the restrictions established by linear program-
ming. The results of the vegetable constituents are shown in Table 1.
The values of total phenolics compounds were in range from
3.72 to 11.90 mgGAE g1dry matter for the methanol extract of the
vegetables. The methanol extract with highest values of phenolic
compounds didn't correspond to highest inhibition of DPPH radical.
Table 1
Chemical compositions (dry basis), caloric values, total phenolics compounds and antioxidant activity of the vegetable constituents.
Constituents Protein content,
pi (g g1)
Lipids content,
li (g g1)
Carbohydrates
content, Ci (g g1)
Ashes content,
(g g1)
Fiber content,
(g g1)
Caloric value, vci
(kcal g1)
TPCa (mgGAE gds1) AAa (% inhibtion DPPH)
Pumpkin 0.15 ± 0.05 0.04 ± 0.01 0.54 ± 0.04 0.07 ± 0.01 0.19 ± 0.0.2 3.39 ± 0.22 7.22 ± 0.20 65.48 ± 0.80
Potato 0.11 ± 0.02 0.01 0.78 ± 0.03 0.03 ± 0.01 0.08 ± 0.01 3.74 ± 0.15 3.72 ± 0.30 86.25 ± 0.91
Carrot 0.13 ± 0.07 0.02 ± 0.01 0.44 ± 0.03 0.09 ± 0.02 0.32 ± 0.10 3.43 ± 0.12 4.71 ± 0.30 80.68 ± 0.72
Kale 0.27 ± 0.01 0.06 ± 0.02 0.32 ± 0.02 0.11 ± 0.02 0.24 ± 0.05 2.97 ± 0.23 11.90 ± 0.20 88.70 ± 0.82
Onion 0.15 ± 0.06 0.01 ± 0.0 0.60 ± 0.04 0.04 ± 0.01 0.20 ± 0.07 3.51 ± 0.10 9.82 ± 0.10 95.21 ± 0.53
Tomato 0.22 ± 0.08 0.04 ± 0.01 0.39 ± 0.03 0.10 ± 0.02 0.25 ± 0.03 3.06 ± 0.33 5.85 ± 0.10 92.19 ± 0.70
a Mean values ± standard deviation for two experiments. TPC: total phenolics compounds; GAE: gallic acid equivalent; ds: dry sample; AA: total antioxidant activity; DPPH:
2,2-diphenyl-1-picrylhydrazyl.
Table 3
Quality aspects of the vegetable paste and of the dried products in spouted bed.
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hydrogen to DPPH, acts differently and independent of its con-
centration. The effectiveness of the natural antioxidant is depen-
dent on the chemical structure of the active compound, and in the
case of phenolic compounds, the factors as the position and the
number of hydroxyl groups in the molecule are important for this
activity. The antioxidant activity of an extract can not be explained
solely by the total phenolic compounds, but requires the charac-
terization of structure of the active compound (Heinonen,
Lehtonen, & Hopia, 1998). This ability of methanol extract to pre-
sent high or low inhibition depends not only on type of vegetables,
but of the variety, genetic factors, climatic conditions cultivated, as
well as, of the extraction method of sample and of antioxidant
capacity evaluation. Table 1 shows that the methanol extracts were
in range higher than 80% inhibition of scavenger, with the excep-
tion of pumpkin that was lower than 70%. Similar results about the
vegetables are found in literature (Ismail et al., 2004; Ou, Huang,
Hampsch-Woodill, Flanagan, & Deemer, 2002).
The formulation optimization of the vegetable paste was per-
formed by linear programming through the total antioxidant ca-
pacity maximization, using the values shown in Table 1. The
amounts of constituents in the vegetable paste (wet basis) were the
following: carrot ¼ 42.2 g; kale ¼ 117.2 g; onion ¼ 270.3 g;
potatoes¼ 175.4 g; pumpkin¼ zero; tomato¼ 300.0 g; and soybean
oil¼ 0.5 g. Among the six vegetables selected, just the pumpkin had
not the quantityoptimized, because its total antioxidant activitywas
lower than the restriction. Furthermore, it can be observed that each
component showed different values in the formulation. For
example, the tomato and onion showed higher amounts than the
other constituents due to its highest values of total antioxidant ac-
tivity, as well as, they presented composition and caloric values
higher than the established by the restrictions range (Table 1).
Therefore, depending on the restrictions interaction in the formu-
lation, and established ranges, the amount of each vegetable that
compose thepastewill reachhighest values. Theminimumlimit and
maximum limit of each restriction can be changed according to the
requirement to reach some characteristics of the ﬁnal product.Table 2
Pre-established restrictions for paste formulation and the values on the optimized
formulated paste and experimental paste for to obtain 100 g of dried product.
Values Limits of minimum
and maximum
Optimized
formulated
paste
Experimental
paste
Carbohydrates content,
C (g)
50e70 54.4 55.0
Proteins content, P (g) 5e15 15.0 15.3
Lipids content, L (g) 2 2.0 1.8
Fibers content (g) e e 19.5
Ashes content (g) e e 8.4
Caloric value, Vc (kcal) 200e400 313 340.6
AAa(% inhibition DPPH) 70e100 80.8 81.3
a AA: total antioxidant activity.The values of each constituent for the optimized formulationwas
calculated by linear programming (Eqs. (2e14) and Table 1) accord-
ing to the established restrictions of minimum and maximum for
each constituent. These values and the values of the experimental
vegetable paste (determined by analyses) are shown inTable 2, for to
obtain 100 g of dried product. It can be seen in this table that the
optimized values were within the restrictions limits, showing that
the linear programming technique was suitable for the vegetable
paste formulation by the antioxidant activity maximization, which
approaching at the formulation of commercial dehydrated soups.
3.2. Spouted bed drying
The vegetable paste showed moisture content of 91.0 ± 1.01 g/
100 g (wet basis) and on the dried ﬁnal products were lower than
10 g/100 g (wet basis) for all experiments, as it shown in Table 3. In
addition, the ﬁnal moisture content was affected by the tempera-
ture increase due to the greater convection heat transfer, and
consequently the water evaporation rate was increased. Similar
results were found by Dotto et al. (2011) for chitosan paste and
Passos, Trindade, D'Angelo, and Cardoso (2004) for black liquor in
spouted bed drying. The values of mass accumulated in the bed
were 6.0 ± 1.0 (g/100 g), 4.1 ± 1.0 (g/100 g) and 3.5 ± 1.0 (g/100 g) in
the experiments performed at 80 C, 90 C and 100 C, respectively.
The particle size of the dried products was of 150 ± 10 mm for all
experiments, so, it was not inﬂuenced by the temperature.
Table 3 shows the results of total phenolic compounds, total
antioxidant activity and color parameters of vegetable paste and
dried powders. It can be observed in this table that the inlet air
drying temperature showed signiﬁcant differences (p< 0.05) on the
total phenolic compounds contents of the dried products when
compared to the vegetables paste. A decrease in bioactive com-
pounds after drying was observed, however, at 80 C and 100 C theCharacteristics* Vegetables
paste
80 C Dried product
90 C
100 C
Final moisture
content (g g1)
e 0.05 ± 0.01a 0.04 ± 0.01a,b 0.03 ± 0.01b
TPC (mgGAE gDM1 ) 8.8 ± 0.2a 5.2 ± 0.2b 3.9 ± 0.1c 4.9 ± 0.1b
AA (%inhibition
DPPH)
81.3 ± 1.4a 75.6 ± 0.1b 81.7 ± 0.3a 81.6 ± 0.3a
a* 9.0 ± 0.1a 6.0 ± 0.8b 5.3 ± 0.6b 1.5 ± 0.2c
b* 24.3 ± 0.1a 32.9 ± 1.0b 33.1 ± 0.1b 30.8 ± 0.2c
Lightness (L*) 42.1 ± 0.4a 57.3 ± 0.8b 60.5 ± 0.6c 52.5 ± 0.8d
Hue angle () 109.4 ± 0.9a 100.2 ± 0.1b 99.1 ± 1.1b 92.7 ± 0.1c
C* 25.9 ± 0.2a 33.4 ± 0.4b 33.5 ± 1.2b 30.8 ± 0.2c
DE* e 23.1 ± 0.9a 19.6 ± 1.1b 14.0 ± 0.8c
*Mean values ± standard deviation for two experiments. Equal letters in same line
(p > 0.05). Different letters in same line (p < 0.05). TPC: total phenolics compounds;
AA: total antioxidant activity; DPPH: 2,2-diphenyl-1-picrylhydrazyl; a*: chroma-
ticity greenness/redness; b*: chromaticity blueness/yellowness; C*: chroma; DE:
color difference.
Table 4
Comparison of the dried products in spouted bed (100 ºC) and in tray.
Characteristics* Paste dried in
spouted bed*
Paste dried in
tray*
Final moisture content
(g g1)*
0.03 ± 0.01a 0.08 ± 0.01b
TPC (mgGAE gdry matter1 )* 4.9 ± 0.1a 3.4 ± 0.1b
AA (%inhibition DPPH)* 81.6 ± 0.3a 50.7 ± 1.7b
a* 1.5 ± 0.2a 0.7 ± 0.2b
b* 30.8 ± 0.2a 28.0 ± 0.7b
Lightness (L*) 52.5 ± 0.8a 46.8 ± 1.0b
Hue angle ()* 92.7 ± 0.2a 91.5 ± 0.4b
C* 30.8 ± 0.2a 28.0 ± 0.7b
DE* 14.0 ± 0.8a 11.4 ± 1.0b
* Mean values ± standard deviation for two experiments. Equal letters in same line
(p > 0.05). Different letters in same line (p < 0.05). TPC: total phenolics compounds;
AA: total antioxidant activity; DPPH: 2,2-diphenyl-1-picrylhydrazyl; a*: chroma-
ticity greenness/redness; b*: chromaticity blueness/yellowness; C*: chroma; DE:
color difference.
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lowest temperature, the product remained a greater contact time
with the hot air (around 20 min), however the outlet air drying
temperature was lower (71 ± 1 C) than other experiments. On the
other hand, when highest temperature was used, the product had
short residence time (around 15 min) in the bed, and although of
the outlet air temperature was highest (88 ± 1 C), this not affected
the phenolic compounds. Several authors related that the drying
operation affect on the bioactive compounds (Georgetti,
Casagrande, Souza, Oliveira, & Fonseca, 2008; Ungar,
Osundahunsi, & Shimoni, 2003; Vega-Galvez et al., 2009). The
degradation on phenolic compounds may be associated with the
occurrence of oxidative reactions or decomposition of thermolabile
compounds induced by heat, and also with the possibility of vola-
tile substances losses during the drying operation (Georgetti et al.,
2008).
The total antioxidant activity showed a decrease in spouted bed
drying at 80 C (p < 0.05) according to Table 3. The results showed
that when the experiments were performed at highest inlet air
temperatures, the highest inhibition by radical DPPHwas observed.
This behavior was also found by VegaeGalvez et al. (2009).
Although, the highest inlet air temperature resulted highest outlet
air temperature (88 ± 1 C), this not affected the antioxidant ac-
tivity of dried paste; however outlet air temperature in spouted bed
drying lowest or around 75 C is desirable to guarantee product
quality (Pallai et al., 2006). In addition, the dried products in ex-
periments at 90 C and 100 C didn't show signiﬁcant differences
(p > 0.05) on total antioxidant activity in relation to the vegetable
paste.
The results in Table 3 also showed that the highest values of total
antioxidant activity not agreed with the highest values of total
phenolic compounds. During drying process, the phenols in the
sample may show different states of oxidation that can exhibit
highest amount of scavenging radical activity (Mrkìc, Cocci, Dalla
Rosa, & Sacchetti, 2006). As the vegetables in the paste contains
numerous phenolic compounds, and also each vegetable does not
necessarily have the same proportion of these compounds, this can
lead to differences in the proﬁle of bioactive compounds that could
result in complex changes in the antioxidant activity (Deepa, Kaura,
George, Singh, & Kapoor, 2007).
The color parameters of the dried products showed signiﬁcant
differences (p < 0.05) in relation to the vegetable paste (Table 3).
The negative values of chromaticity (a*) show a tendency to the
greenness color, however, the ﬁnal products in all conditions
showed a decrease of tonality when compared to vegetables paste.
According toMaskan (2001), a decrease of a* values could be due to
decomposition of chlorophyll and noneenzimatic reactions. The
chromaticity b* resulted in yellowness color due to positive values,
however, the drying operation led to an increase of tonality.
Chroma (C*) showed similar behavior in relation to b*. The dried
products showed values of lightness (L*) higher than the vegetable
paste. This increase in lightness can be due to high atomization
speeds that produce small particles and lead to oxidation when
exposed to hot air. Similar results were found by Larrosa et al.
(2011) using a vegetable paste with different formulation in
spouted bed, and Guine and Barroca (2012) in green pepper studies
on freeze drying and convective drying.
The Hue angle values (Table 3) show that the dried products and
the vegetable paste showed a yellowegreenness color. The lowest
variation in the total color difference (DE) occurred with inlet air
temperature of 100 C. This can be explained because the pigments
on vegetable paste were less affected by this condition due to the
lowest retention time 0 material in the bed. When feeding some
material at highest temperature in spouted bed, the powder is
easily removed from the surface inert, however, at lowesttemperature an increase of the powder moisture content in bed
occurs, forming agglomerates and increase the possibility of Mail-
lard reaction. According to the results shown in Table 3, the more
suitable drying temperature of the spouted bed drying was of
100 C.
3.3. Comparison between drying operations in spouted bed and
tray
The powder dried obtained in spouted bed drying (100 C) was
compared with the product of the tray drying technique. Total
phenolic compounds, total antioxidant activity, color parameters,
transform infrared spectroscopy (FTeIR), thermogravimetric curves
(DSC, TGA) and scanning electronic microscopy (SEM) were eval-
uated, and the results are shown in Table 4.
The vegetable paste was dried in tray dryer until the commercial
moisture content (lower than 10 g/100 g wet basis). For all the
product characteristics, signiﬁcant differences (p < 0.05) between
the techniques were observed, and the highest losses were on the
product dried by conventional tray. This can be explained due to the
long time of product exposition on hot air in the tray dryer (around
200 min), occurring degradation reactions.
Table 4 shows that the dried product in tray showed the same
yellow/greenish color in relation to spouted bed (Hue angle in
range from 90 to 95), however, a highest darkness was observed
(lowest lightness value). The decreases of a* and b* values for dried
product in tray may be due to the decomposition of pigments, as
chlorophyll and carotenoids, in addition, presence of non-enzimatic
reactions. Similar results for tray drying of different vegetables
were found by Nindo et al. (2003) for asparagus, Guine and Barroca
(2012) for pumpkin and green pepper, and Vega-Galvez et al.
(2009) for red pepper.
Fig. 1(a) shows the vibrational spectrum (FTeIR) of vegetable
paste. It can be observed the characteristic functional groups rela-
tive to phenolic compounds. The bands in the range from 3550 to
3150 cm1 are relative to the OeH stretching. Stretching vibrations
of C]O were observed at 1700 cm1. The band of 1100 cm1 can be
assigned to a CeO stretching. Bending out of plane vibrations,
which can be related with substituted aromatic rings, appeared in
the range from 900 to 750 cm1. Fig. 1(b) shows the vegetable paste
dried in spouted bed in the more suitable condition. It can be seen
that the functional characteristics were maintained. On the other
hand, for vegetable paste dried in tray shown in Fig.1(c) some
changes were observed, mainly the new bands around 2700 and
2350 cm1. The absorption near to 2720 cm1 is evidence for the
presence of aldehyde groups (Silverstein, Webter, & Kiemle, 2005)
Fig. 1. (a) Transform infrared spectroscopy of the vegetable paste; (b) Transform
infrared spectroscopy of the dried product in spouted bed (100 mL h1 at 100 C); (c)
Transform infrared spectroscopy of the dried product in tray drying.
Fig. 2. Thermogravimetric curves of the dried products in spouted bed and in tray: (a)
DSC curves; (b) TGA curves. (curve A: tray drying; curve B: spouted bed drying).
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indicating degradation and decarboxylation of phenolic com-
pounds (Qiao et al., 2013). These groups show probably alterations
in phenolic compounds due to the long exposition time of the paste
in the tray dryer, as a consequence of oxidations reactions induced
by heat.
Fig. 2 shows thermogravimetric curves to compare the degra-
dation characteristics. In Fig. 2(a) the DSC curves presented endo-
thermicpeakswasat 80.4 Cand97.3 C for theproducts obtainedby
spouted bed and tray drying techniques, respectively. It is wellknown that DSC is used to investigate the physical stability and,
phase transitions in solids when exposed to heat. Furthermore, this
method can detects the change in heat ﬂow of amorphous compo-
nent between glass and a rubbery states which is called glass tran-
sition. This event is usually observed in material rich in sugars and
could explain the stickiness of material in dryer. Thus, the peaks
observed in this work refer the temperature glass transition. Ac-
cording to literature, the molecular mobility of sugars is change
when the temperature of material in dryer is greater than 20 C
above the glass transition temperature (Fazaeli, Emam-Djomeh,
Ashtari & Omid, 2012). Fig. 2(b) shows TGA curves where observed
the initial weight loss around 160 C, which corresponds to a mass
loss due to vaporization of volatile compounds, especially water.
Temperatures ranging in 290 C can be attributed to decomposition
process of carbohydrates, like depolymerisation of pectin, cellulose
and starch (Pineda-Gomez el al., 2011; Qiao et al., 2013).
Fig. 3 shows scanning electron microscopy of powder obtained
by spouted bed drying and tray drying. It can be observed in
Fig. 3(a) and (b) that the dried product in spouted bed showed a
homogeneous powder, spherical or oval shape and smooth surface
particles, while in tray drying the milled product showed irregular
surface particles (Fig. 3(c) and (d)). Furthermore, it could be
observed in Fig. 3 that the dried powder in spouted bed showed
smallest particles sizes. Also, the differences results observed on
Fig. 3. Scanning electron microscopy: (a) dried product in spouted bed (40); (b) dried product in spouted bed (500); (c) dried product in tray (40); (d) dried product in tray
(500).
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technique thatmaterial was dried. In spouted bed, the paste is dried
like droplets due to atomization and the powder results in spherical
shape. Then, the dried powder shows a more suitable shape to the
application in instant soups due to its homogeneous structure.
4. Conclusion
This work evaluated the inﬂuence of two drying methods on the
characteristics of a vegetable paste formulated by linear program-
ming for the total antioxidant activity maximization. The optimized
values of the six vegetables (pumpkin, potato, onion, carrot, kale
and tomato) and soybean oil were within the restrictions limits,
showing that the linear programming technique was suitable for
paste formulation. The vegetables selected among the available raw
materials showed total antioxidant activity of 81% inhibition DPPH
and total phenolics compounds of 8.8 mgGAE g1dry matter. In
spouted bed, the best drying condition was found in the inlet air
temperature at 100 C. In this condition, the dried product showed
a decrease in the total phenolic compounds, the same antioxidant
activity, yellowegreenness color with less color difference in rela-
tion to the vegetable paste. The tray dryer showed unsatisfactory
results in the product characteristics, which presented signiﬁcant
differences (p < 0.05) in relation to the dried product in spouted
bed. The paste formulated by linear programming dried in spouted
bed produced a powder which is a great source of antioxidants
compounds, and can be used as base product for dehydrated soups.
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